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Abstract 
Using a large amount of data and combining with the Environmental Kuznets Curve, this paper researches the 
quantitative relationship between the generation of industrial solid waste and per capita GDP of Henan province by 
the regression analysis, selects the pollutant index and per capita GDP index, does the comparative analysis and 
Analyzes the relative influence degree between the two indexes by the stepwise regression analysis, which can be 
more realistic to reflect the impact income level has on the environment. 
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1.  Introduction 
Along with the economic development, industrial solid  wastes have become one of the focuses of 
environmental problems. Industrial solid wastes are "the solid wastes produced in production activities of 
industry, traffic, consumption and so on", namely, something produced in the process of the production 
processing such as industrial wastes, dust, debris, sludge, etc. With  the rapid  economic development of 
Henan province, the expansion of industrial production and the increasing generation of industrial solid  
wastes, especially those that contain quite a part of hazardous wastes, have brought great pressure on the 
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health of the people and the ecolog ical environment. Applying Environmental Kuznets Curve and Eviews  
software, the paper obtains the quantitative relationship between the generation of industrial solid wastes 
and per capita GDP and the relative influence degree between them, which has a guid ing role in the 
management of industrial waste. In 1950s, based on the income gap research of Simon Kuznets, American 
economists Grossman and Kureger put forward  the Environmental Kuznets Curve (Abbreviation EKC), 
which is an inverted U-curve. If with per capita income for the y-coordinate and the generation of solid 
wastes for the abscissa denotes, the EKC shows a regularity that with the growth of economy, the 
generation of wastes appears to increase gradually first and reduce gradually after [1]. Since the 20th 
century, a large number of fo reign scholars have studied on the quantitative relat ionship between the 
generation of industrial solid wastes and per capita GDP, such as the domestic scholar Cao Guanghui, 
who studied the relationship between the generation of industrial solid wastes and per capita GDP for 
years from the data between 1985 and 2003, and found that quantitative relationship did  not show a 
inverted U-type between the generation of industrial solid wastes and per capita GDP, but showed an N-
shaped curve [2]. Some scholars also believed that it brought about serious environmental prob lemsas 
well as growth of capita GDP by industrializat ion, but when industrialization began to change into 
service-oriented economy with low-power and h igh-yield, the pressure of industrial waste on the 
environment will be reduced, and the quantitative relationship of per capita GDP and generation of 
industrial wastes will become inverted U-curve [3]. Applying Environmental Kuznets Curve and Eviews 
software, the paper obtains the quantitative relationship between the generation of industrial solid wastes 
and per capita GDP and the relative influence degree between them, which has a guid ing role in the 
management of industrial waste. 
2ˊModel of the quantitative relation between the generation of industrial solid wastes and per 
capita GDP of Henan province  
2.1 Model of the generation of industrial solid wastes of Henan province  
In the early time when doing research on EKC, the EKC model was established generally by adopting 
the quadratic equation relationship between per capita GDP and environment. But there were many other 
factors which had influence on the quantitative relationship between the two, so gradually, some scholars 
began to adopt trinomial equation to make the study further. This paper adopts trinomial equation to 
establish the model of quantitative relationship between per capita GDP and the generation of industrial 
solid wastes.  
Data of this paper are all derived from theǉStatistical Yearbook of Henan ProvinceǊ and the
ǉEconomic Yearbook of Henan ProvinceǊ from the years 1993 to 2008. If with per capita GDP for  
horizontal axis and the generation of industrial solid wastes for longitudinal axis , the scatterplot chart is 
shown in figure 1, 2 and 3. 
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Figure 1, 2, 3 Relationship Between the Generation of Industrial Solid Wastes and Per Capita GDP 
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The figure 1, 2 and 3 mean the relationship between per capita GDP which increases progressively in 
turn and corresponds generation of industrial solid wastes. 
Then establish the polynomial regression model based on the revised EKC as following: 
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In the formula above, y says the generation of industrial solid wastes; x says per capita GDP; 
0D , 1D , 2D  indicate model parameters. 
The paper Using Eviews software and the statistical data to do the polynomial fitting, and then carrying 
on the R2 test, T test, F test and D.W. test, obtains an excellent result and establishes a regression equation 
as following: 
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According to the D.W.test, we may know that there is no autocorrelation.  
According to the F test, in general, the model is significant. 
And the first derivative, second derivative and third derivative of equation (2) are respectively shown 
below:  
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2.2 Model analysis 
Known from the model, R2 fitted in the trinomial equation is above 0.8 and the fitting degree is 
excellent, simultaneously, according to the F test we can draw a conclusion that the model is significant, 
and then we get the final model. 
From the function we can see that the EKC curve o f Henan province d idn’t fo llow the development 
characteristics of inverted U-curve at the beginning, but with the growth of per capita GDP, as well as 
many other factors  it  began to show volatility,  then presented inverted U-curve trends and the generation 
of industrial solid wastes is in the upward phase of the inverted U. In recent years, large industries which 
produce large amounts of industrial solid wastes like coal, thermal power, build ing materials, metallurgy 
etc have been developing rapidly, so the waste generation presents with an upward trend .The further 
development of these industries such as energy and resouces will inevitably lead to the increase of 
generation of industrial solid wastes. At the same time, to some extent, it shows the diversity of effect 
factors between the per capita GDP in Henan province and that environmental polic ies have not been 
timely implemented.   
Marginal pollut ion is the change of waste generation when per capita GDP changes one unit, which 
reflects the influence the growth of economy has on the environment, and it is an environmental indicator 
to measure the quality of growth of economy. Solved by equation (3) and (4), we can obtain that the 
corresponding per capita GDP (yuan) is 4804 on the turning point of EKC, and corresponding per capita 
596  Wang Yanrong et al. / Energy Procedia 5 (2011) 593–597
GDP (yuan) is respectively 1914 and 8689 on extreme points. Seen from the characteristics  of marg inal 
pollution of EKC, the marginal pollution of industrial solid  wastes of Henan province is tending to the 
decreasing phase.  
From the model of quantitative relat ionship, we can know that the marginal generation of industrial 
solid wastes of Henan province presents features in three stages: in  the first stage, the generation of 
industrial solid  wastes is increasing negatively, which means that the generation of industrial solid  wastes 
is not increasing but decreasing when per capita GDP is  increasing along with the economic development 
of Henan province, but the amplitude of marginal reduction of pollutants is gradually diminishing, that is 
to say, because of environmental pollution, the space we can improve is lessening. In the second stage, the 
marginal pollution is positive, which explains that the generation of industrial solid wastes is also 
increasing gradually when per capita GDP is increasing along with the economic development of Henan 
province, and the marg inal pollution is also increasing. In the third stage, the marginal pollut ion is 
positively decreasing, which indicates that the marginal po llution of industrial solid wastes of Henan has 
been blocked effectively with the growth of economy and is being improved constantly. 
3.  Conclusions and recommendations 
3.1 Conclusions  
Using a large amount of data and combined with EKC, the paper made a regression analysis on the 
quantitative relationship between per capita GDP and the generation of solid  wastes of Henan province. It 
gradually shows the characteristics of the inverted U-curve with the growth of per capita GDP not at the 
beginning, and the generation of industrial solid wastes in the increasing stage of inverted U has great 
relations with the rapid development of industrial enterprises which produce large quantities of solid 
wastes in Henan province. To solve the environmental p roblems , Henan province should formulate and 
carry out some environmental policies and promote advanced technology to apply into the industry to 
curb the generation of solid wastes.  
3.2 Main recommendations 
x Aspect of environmental policy  
Based on the analysis of the previous researches, we can get that the local environmental policy has the 
greatest impact on the quantitative relationship between per capita GDP and the generation of industrial 
solid wastes. Through environmental policy, it is usually effective to curb the deterioration of the 
environment and reduce emissions of industrial wastes and improve the environment[4]. Therefore, there 
would present a harmonious relationship between per capita GDP and the generation of industrial solid  
wastes and the environment where we live in could be protected if Henan province implements and carries 
out some environmental policies strongly. 
x Aspect of technology 
With the increasing emphasis people put on the environment, technical factors has become a very 
important tool to the governance of the environment. Advanced technology can improve the utilization of 
resources, so the amount of industrial solid wastes will be reduced. In the process of the growth of 
economy, improvement of the environment cannot only rely on automatic ity of the environment, but also 
the advanced technology [5].  
From the model we can see that the generation of industrial solid  wastes is rising along with the growth 
of per capita GDP, but we also find another possibility that the generation of industrial solid wastes has a 
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downward trend, therefore, the quantitative relationship between per capita GDP of Henan and industrial 
solid wastes is constantly changing.  
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